
AD A065 589 OHIO STATE UNIV COLUMBUS ELECTROSCIENCE LAO F/G 9/5
WING—MOUNTED ANTENNA CODE — USER’S MANIJALdIJ )
MAY 78 R .J M*RHEFKA. w D BURNSIDE N62269—76—C—05514

UNCLASSIFIED ESL (78)~~583 5 NADC—790fl—SO ML

OF~~~ )
.8055 39

_ I _ 
- - I

I II I.



V

WING-MOUNTED ANTENNA CODE - USER’S MANUAL

clrj  R. J.
W . D. Burnslde

Technical Report 4583-5 (784583)

Contract No. N62269-76-.C-0554

May 1978

[~DISTRIBUTION S’~. i A
i — — — — —

~~~
- - - — -

~I ~Approved fox p~iL~ c
I Distxibulioii Uthirni~ d

D D C
~~~r~)r~nnnrp~1
~ 13 MAR 1979

Department 0f the Navy I I _______________

Warminster, Penns~~ an1a 18974 i~1~ ~~~~L1~.1

_ _ __ _  _ _  

- 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

— ______ ___________________  — —



—.1

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (IP?I.n D.. Znt.,.d) __________________________________

~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ READ INSTRUCTIO N S

I~ rU~~ I US..UMCi~ I P~ I IUl~ rDW L- BEFORE COMPLETING FORM
I. REPORT NuMB ER 2. GOVT ACCESSION NO 3. RECIPIENt’ S CATALOG NUMBER

NADC-79044-30 _________________________

4. tITLE (ond SubilU.) 5 TYPE OF REPORT & PERIOD COVERED

Technical Report
WING-MOUNTED ANTE NNA CODE - USER’S MANUAL 

__________________________

S. PERFORMING ORG. REPORT NUMBER

______________________________________________________ 

ESL_ (78)4583—5
7. AUTHOR(.) S. CONTRACT OR GRANT NUNSER(.)

Contract N62269-76-C-0554R. J. Marhefka and W. D. Burnside

S. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT . TASK

The Ohio State University ElectroScience AREA S WORK UNIT NUMBERS

Laboratory, Department of Electrical 63206N,WR6-1154 H
Engineering, Columbus, Ohio 43212 WN180000,RA702

ii. CONTROL LING OFFICE NAME AND ADDRESS 12. REPORT DATE

Department of the Navy May 1978
Naval Air Development Center 13. NUMB EROF PAGES

Warminster, Pennsylvania 18974 83
14. MONtT ORING AGENCY NAME & AODRESS(if diff•rwt from Controlling 0111 C.) IS. SECURITY CLASS. (of ihia r.port)

Unclassified
IS.. DECLASSIFICATION / DOWNGRADING

SCHEDULE

IS. DISTRIBUTION STATEMENT (of hi. R.port)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of ffi. .b.tract .nte,.d in Block 20, if diII.rin t f rom R.pori)

IS. SUPPLEMENTARY NOTES

IS. KEY WORDS (Continu, on r~v•r.• aid. ii n.c.a.a,, ond ld.ntify by block nsmtb•r)

Antennas near aircraft structures High frequency sol ution
Approximate aircraft structures Computer code description
Flat plate simulations
Finite elliptic cylinder simulati ons

20. ABSTRACT (Centinii. On r.v.r.. aid. if n•c.*Iary ond id.nUIy by block numb.,)
This report provides the necessary information to run a Fortran IV computer

code which is used to analyze antenna patterns. The antenna can be in the
presence of various structures which can be simulated by finite flat plates, an
infinite ground pl ane, and a finite ellipti c cylinder. For example, the
radiation pattern of an antenna mounted on the wing of an aircraft can be
analyzed. The computer code is theoretically based on the Geometrical Theory of
Diffraction approach. Various examples are presented to illustrate the
versatility of the code as well as its subtleties.

DD ~~~ ~473 
EDITION OF I NOV 6 5 5  OBSOL EtE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (PYI~.n Data &,t.rod)



________________________  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CONTENTS

Page

I INTRODUCTION 1

II PRINCIPLES OF OPERATION 2

III DEFINITION OF INPUT DATA 13

IV INTERPRETATION OF INPUT DATA 39

V INTERPRETATION OF OUTPUT 42

VI APPLICATION OF CODE TO SEVERAL EXAMPLES 44

APPENDIX I

REFERENCES 82

~mS V~~ :te SecII~
S~.ff Ssc~IWl~~~

0
J ISTW?C 10i1

I ~ T.~;AYAu1rJIT &~IIES

ii A rTl

_ _ _ _ _ _

Ii~ —~~~~~~~~_ -_  —~~ _ _ _  —



- -

I. INTRODUCTION

In order to Investigate the scattering effects associated with
antennas in the presence of complex scattering structures such as wing—
mounted aircraft antennas, the followi ng Fortran IV computer code has
been developed. The computer code Is used to compute the far-zone
scattered fields for antennas radiating in the near zone of perfectly-
conducting structures simulated by flat plates, a finite ellipt ic
cylinder and an infinite ground plane at and above UHF. The code is
based on the geometrical theory of diffraction (GTD).

The code will allow the user to model a large variety of scattering
structures using the basic structural model mentioned above. For
example, an aircraft can be simulated by a finite elliptic cylinder
fusel age with flat plate wi ngs , engines, and stores . Alternatively, the
flat plates can be used alone to represent rectangular boxes, pyramids,
etc. for ground stations and the finite elliptic cylinder can be used
to represent masts, smoke stacks, etc. on ships. The infinite ground
plane can be used to simulate multipath effects. The code calculates
the scattered fields from the individual structures and the major
coupling terms between the plates and elliptic cylinder (I.e., by in-
cluding doubl e interactions such as double reflection , reflection-
diffraction, etc.). Note that the plate and cylinder structures shadow
one another, such that discontinuities can appear in the pattern. These
discontinuities result from neglecting hi gher order interactions. These
higher-order terms are normally negligible and can only effect the
pattern in small sectors. However, if they are signi ficant in some region ,
a discontinuity will appear in the computed pattern. The amplitude jump
associated with the discontinuity is indicative of the strength of the
higher-order term. Consequently, when the solution fails , it tends to
indicate its failure in terms of the observed pattern.

The code has the flexibility to handle arbitrary pattern cuts.
Volumetric patterns can be obtained if desired. This numerical solution
can, therefore be used to solve a very large and significant number of
problems.

The antenna presently considered in the computer code is simulated
by a set of electric or magnetic elemental radiators. Each electric or
magnetic radiator has a cosine distribution , arbi trary length, arbitrary
magnitude and phase, and arbi trary orientation. Any antenna type can
therefore be analyzed as long as the current distribution is known. Other
elemental antennas or methods can be used by simply modifying the antenna
pattern subroutine.

1
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The l imitations associated wi th the computer code result from the
basic nature of the analyses. The solution is derived using the GTD,
which is a high frequency approach. In terms of the scattering from
plate structures this means that each plate should have edges at least
a wavelength long. In terms of the cylinder structure its major and
minor radii and length sould be at least a wavelength in extent. In
addit ion, each antenna element should be at least a wavelength from all
edges and the curved surface. In many cases, the wavelength limit can be
reduced to a quarter wavelength for engineering purposes.

The present form of the computer code Is not large in terms of
computer storage and executes a pattern for a single antenna element
very efficiently. The present code requires approximatel y 200 to 300 K
bytes of storage. It will run a pattern cut of 360 points for a flat
plate structure with one antenna element in approximately 10 seconds on
a CDC-6600 computer. The code will run a pattern cut of 360 points for
a finite cylinder with one antenna element in approximately 30 seconds
on a Univac 1110.

This user ’s nenual is designed to give an overall view of the
operation of the computer code, to instruct a user in how to use it to
model structures, and to show the validity of the code by comparing
various computed results against measured data whenever available.
Section II describes an overall view of the organization of the program.
The definition of the input is given in Section III. How to apply the
capabilities of this input data to a practical structure is briefly
discussed in Section IV. This includes a clarifi cation of the subtle
points of interpreting the input data. The representation of the output
is discussed in Section V. Various sample problems are presented in
Section VI to illustrate the operation, versatility, and val idity of
the code.

II. PRINCIPLES OF OPERATION

The analytical modeling of complex scattering shapes in order to
predict the radiation patterns of antennas has been accomplished by
the use of the Geometrical Theory of Diffraction (GTD) [1 ,2,3].
This is a hi gh frequency technique that allows a complicated structure
to be approximated by basic shapes representing canonical problems in
the GTD. These shapes incl ude flat and curved wedges and convex
curved surfaces. The GTD is a ray optical technique and it therefore
allows one to gain some physical insight into the various scattering
and diffraction mechanisms invol ved. Consequently, one Is able to
quickly seek out the dominant or sign ificant scattering and dif-
fraction mechanism for a given geometrical configuration. This , in
turn, leads to an accurate engineering solution to practical antenna
probl ems. Thi s approach has been used successful ly in the past to
model aircraft shapes [4 ,5] and ship-like structures [6,7,8]

.2
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This section briefly describes the basic operation of thi s scattering
code for the analysis of antennas In an airc raft environment. The present
version of the code al lows analysis of scattering structures that can be
modeled by concave flat plate structures, an infinite ground plane, and
a finite ell ipti c cylinder all of which are built up from the basic
canonical structures. These shapes allow one to model a wide variety of
structures in the UHF range and above where the scattering structures are
large in terms of a wavelength. The general rule is that the lower
frequency lim it of this solution is dictated by the spacings between the
various scattering centers and their overall size. In practice this means
that the smallest dimensions should be on the order of a wavelength. Thi s
can often be relaxed to approximately a quarter-wavelength.

The positive time convention e~~
t has been used in this scatter ing

code. Al so1 the radiation patterns are assumed to be in the far field.The term e JkR/R has been suppressed unless otherwise specified by the
user of the code. All of the structures in this code are assumed to
be perfectly conducting and the surroundi ng medium is free space.

As mentioned above , the GTD approach is ideal for a general high
frequency study of a ircraft antennas in that only the most bas ic
structural features of an otherwi se very compli cated structure need to be
modeled. This is because ray optical techniques are used to determine
components of the field incident on and diffracted by various structures.
Components of the diffracted fields are found using the GTD solutions in
terms of the individual rays which are sumed with the geometrical optics
terms in the far field. The rays from a given sca tterer tend to interact
with other structures causing various higher-order terms. In this way
one can trace out the various possible combinations of rays that interact
between scatterers and determine and incl ude only the dominant terms. Thus ,
one need only be concerned with the important scatter ing components
and neglect all other higher-order terms. This method leads to ac-
curate and efficient computer codes that can be systematically written
and tested.

Complex probl ems are built up from similar components in terms of
a modular computer code. Thi s modular approach is i llustrated in the block
diagram of the main program shown in Table I. The scattering code is
broken up into many subroutines that represent different scattered field
components , ray tracing methods , and shadowing routines. As can be seen
from the flow chart, the code Is structured so that all of one type of
scattered field is computed at one time for the complete pattern cut so
that the amount of core swappi ng is minimi zed thereby reducing overlaying
and increasing efficiency. This al so Is an important feature that allows
the code to be used on small computers that are not large enough to
accept the entire code at one time. The code can be broken into smaller
overlay segments which will individual ly fit in the machine . The
results are, then, superimposed in the main program as the various
segments are executed.

3
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The code is divided into three large sections. The first section
contains the major scattered fields associated with the indivi dual flat
plates and the Interactions between the different plates . These include
the direct field , the singly reflected fields , doubly reflected fields ,
the singly diffrac ted fields , the reflected-diffracted fields, and the
diffracted—reflected fields. The diffracted fields include the normal
diffracted fiel ds as well as slope diffrac tion, a newly developed
heuristic corner diffracted field and slope-corner diffracted field.
The doubl e diffracted fields are not incl uded at present, but a warning
is provided wherever this field component might be important. This is
usually only a smal l angular section of space. This field may be included
later whenever time and effort permit. The second section contains the
major scattered fields associated with the elliptic cylinder. This
includes the direct field, if not already computed in the pl ate section,
the reflected field, the trans i tion field, the deep shadow fields , the
reflected field from the end caps , and the diffracted fiel d from the end
cap rims. The diffracted field from the end cap rim is not at present
corrected in the pseudo caustic regions. This is where three diffraction
points on the rim coalesce into one. Thi s is only important in small
angular regions in space and is not deemed appropriate to be included
at the present time. An equivalent current method could be used for this
small region but it is rather time cons uming to use for the benefits
derived from it for such a general code. The third section contains the
major , scattered fields associated wi th the interactions between the
plates and cylinder. This includes , at present, the fiel ds reflected
from the pl ates then reflected or diffracted from the cylinder , the
fields refl ected from the cylinder then reflected from the plates , the
fields reflected from the cyl inder then diffracted from the pl ates, and
the fiel ds diffracted from the plates then reflected from the cylinder.
These terms have been found to be sufficient for engineering purposes
when analyzing wing-mounted aircraft antennas as wel l as many other
structures.

The subroutines for each of the scat tered field components are
all structured in the same basic way. First, the ray path is traced
backward from the chosen observation di rection to a particular scatterer
and subsequently to the source using either the laws of reflection or
diffraction. Each ray path, assum ing one i s poss ible , is then checke d
to see if it is shadowed by any structure along the complete ray path.
If It is shadowed the fiel d is not computed and the code proceeds to
the next scatterer or observation di rection. If the path is not
Interrupted the scattered field Is computed using the appropriate GTD
solutions. The fields are then superimposed in the main program. This
shadowing process is often speeded up by making various decisions based
on bounds associated with the geometry of the structure. This type of
knowl edge is used wherever possible.

4
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The shadowing of rays Is a very important part of the GTD scattering
code. It is obvious that this approach shoul d lead to various dis-
continuities in the resulting pattern. However, the GTD diffraction
coefficients are designed to smooth out the discontinuities in the
fields such that a continuous field is obtained. When a scattered field
is not included In the result, therefore, the lack of Its presence Is
apparent. This can be used to advantage in analyzing compl icated problems.
Obviously in a complex problem not all the possible scattered fields can
be included. In the GTD code the importance of the neglected terms are
determined by the size of the so-called gl iches or jumps in the pattern
trace. If the gliches are small no additiona l terms are needed for a
good engineering solution. If the gliches are large it may be necessary
to include more terms in the solution. In any case the user has a
gauge with which he can examine the accuracy of the results and is not
falsely led into believing a result is correct when in fact there could
be an error.

The antenna presently considered in the computer code is an
electric or magnetic radiator with a cosine distribution , arbitrary
length, arbitrary magni tude and phase, and arbi trary orientation.
This antenna is specified as follows for an electric dipole:

I(z ’) = Im cos(~qL)

in0 sine ’ 
(~~) 

cos(~.&. cose’) e~
jkt”

E8, = 
~~~ 

‘m , ~2 r’
iii ~ 2 ,

- cos

and similarly for a magnetic dipole.

Any arbitrary antenna can be s imulated by superpos it ion of the elements
by making the length L small (& ~ O.lA), spacing the elements less thana quarter wavelength, and then weighti ng their magnitudes and phases to
simulate the current distribution of the desired antenna [g]. Since
the radiation pattern is relatively insensitive to the current distri-
bution this method works very well.

Even though the present code Is based on a standard dipol e antenna,
it can be easily changed by modifying the SOURCE subroutine and the
SOURCP subroutine, which contair~s the derivative of the pattern for the
slope diffracted fields.

The brief discussion of the operation of the scattering code
given above should help the user get a feel for the overall code so
he might better understand the code’s capabili ties and interpret its
results. The code is designed, however, so that the general user can
run the code without knowing all the details of its operation. Yet,
he must become familiar wi th the input/output details which will be
discussed In the next three sections.

5 
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TABLE I
Block Diagram of the Main Program for the Computer Code

(ir

OH Read Input Parameters
Convert Units and Rotate-Translate Geometry

Echo Back Parameters
Refer to Table II

Do Loop on Source Segments 1
Define Varia bles Fixed by the Geometry

L GEOM and GEOMC and GEOMPC

Do Loop on K

Do Loop onJ  I
Do Loop on Pattern Angle

Branch to Section Defined by K

_ _ _ _I 
~~~K=l 

I
Branch to GTD Term for Plates Defined by J

6
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I Di rect Field from Source
INCFLD

_ _ _

TSingly Reflected Fields from Plate

-

I

I Doubly Reflected Fields from Plates[

Singly Diffracted Fields from Plates
DI FPLT

7
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Reflected-Diffracted Fields from Plates
~‘ RPLDPL

Diffracted-Reflected Fields from Plates
DPLRPL

V
- Doubly Diffracted Fields from Plate

(not yet implemented)

[ Branch to GTD Term for Cylinder Defined by J

8
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J=lc

~~~~~~~~~~~~~~~~~~~

[Direct Field
INCFLD

fl~eflected, Transition and Deep ShadowFields for Cylinder
REFCYL and TRANS

Reflec ted Field from End Caps
L

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Di ffracted Field from End Cap Rim[ ENDIF

OL

9
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Branch to GTD term for Plate—Cylinder
Interactions Defined by J

ee ee
Fields Reflected from Plates then Reelected or

Diffracted from Cylinder
RPLRCL and RPLTRN

Fiel ds Reflected from Cylinder then
Reflected from Plates

RCLRPL

10
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Fields Reflected from Cylinder then
DIffracted from Plates

RCLDPL

~~~~ 1

Fields Diffrac ted from Plates then
Reflected from Cylinder

DPLRCL

11
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Superimpose the Various Fields Weighted
to the Current Magnitude and Phase

for the Part icular Source

4 PL

JL

4 KL

SL

Print Total Fields and Directive Gains

I OUTPUT

Plot Fiel~~j

12
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III. DEFINITION OF INPUT DATA

The method used to input data into the computer code is presently
based on a command word system. This is especially convenient when
more than one probl em is to be analyzed during a computer run. The
code stores the previous input data suc h that one need only input that
data which needs to be changed from the previous execution. Also, there
is a default list of data so for any given problem the amount of data
that needs to be input has been shortened. The organization of the
inpu t data is illustrated in Table II.

In this system, all l inear dimensions may be specified in either
meters, inches , or feet and all angular dimensions are in degrees. All
the dimensions are eventually referred to a fixed cartesian coordinate
system used as a common reference for the source and scattering structures.
There i s, however , a geometry defini tion coordinate system that may be
def ined using the “RT:” command. This command enabl es the user to rotate
and translate the coordinate system to be used to input any select data
set into the best coordinate system for that particular geometry. Once
the “RT:” command is used all the input followi ng the command will be in
that rotated and translated coordinate system until the “RT: ” comand is
called again. The only exception to this is that the infinite ground
pl ane will always be in the reference coordinate system. See below for
more details. There is al so a separate coordinate system that can be
used to define a pattern coordinate system. This is discussed in more
detail in section Ill-B in terms of the “PD:” command.

It is felt that the max imum usefulness of the computer code can be
achieved using it on an interactive computer system. As a consequence,
all input data are defined in free format such that the operator need
only put commas between the various inputs. This allows the user on an
interactive terminal to avoid the problems associated wi th typing in the
fiel d length associated with a fixed format. This method also is useful
on batch processing computers. Note that all read statements are made on
unit #5, i.e., READ (5,-), where the “- “ symbol refers to free format.
Other machines , however , may have di fferent symbols representing free
format.

In all the fol lowing discussions associated wi th logical vari ables
a “T” will imply true, and an “F” will imply false. The complete words
true and false need not be input since most compilers just consider the
first character in determining the state of the logical variable.

The following list defines in detail each command word and the
variables associated wi th them. Section VI will give specific examples
using this input method.

13
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TABLE II
Block Diagram of the Input Data

Organization for the Computer Code

START

Initialize Default Data

M Read and Write Command Word

True
If TO: A

False

T
• If PD : B

F

T
If RG: C

F

T
If RT : D

F

T
If PG: E

F

TIf GP : F

F

N

14 
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N

T
If CG: G

F

T
f SG: H

F

T
If CE: M

F

I
If CM: I

F

T
If LP: J

F

I
If PP: K

F

I
If EX : L

• STOP

15
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_Compute Pattern

to Table I

4
/ 

Output Dataj’

_ _ _ _ _ _ _ _ _ _

READ: LDEBUG, LTEST , LOUT

READ: LSLOPE, LCORNR, LSOR

READ: (JMN(K), JMX(K), K=l ,3) /

WRITE : LDEBUG, LTEST , LOUT

1
• WRITE : LSLOPE , LCORNR, LSOR 

/

4
/ WRITE: (JMN(K), JMX(K), I(~l,3) /~~~~~~~~

16
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/ 
READ: THC, PHC, THP J/

/ WRITE: THC, PHC, THP/

READ : IB, IE,_ IS~~1/

/ WRITE: IB, IE, IS /

READ: FRQG

WRITE : FRQG 
/

P

READ: LRANG 
/

~~~~~RANG
F
~~~®

/ READ: RAr4GS, IUNIT/

Change Units to Meters
11!

WRITE: RANGE 
/

(~)

~ 

_ __ _ _
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f R f~~’ius.rr, (TR(N) N-’l .3) 
1

$7

Change Units to Meters

4,
/ Write Old and New Coordinates /

/ READ: THZP, PHZP, THXP, PHXP /

$7
[Determine New Coordinate Axes

4/ 
Write New Coordinate Axes /

18
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/ READ: LPLA

/ READ: MPX, IIJNIT/
4,

/‘~~RITE: MPX
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  H

READ: (MEP(MP), MP=l , MPX)
4,

DO 5 MP=1 , MPX 
I

_ _ _ _ _ _ _ _ _ _ _

DO 5 ME=l , MEP(MP)

READ: (XX(MP,ME,N), N=l ,3)

4
5 CONTINUE I

[Translate and Rotate the Coordinates

Change Units to Meters

/ Write New and Old Coordinates
/ and Units

19
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/ READ: LGRND 4/

4/ READ: LCYL /
H4/ WRITE: LCYL I

- READ: AA , BB, IUNIT

,IREAD: ZCN , THTN , ZCP , THTPJ

- 
_ _ _ _ _ _

- L Change Units to Meters J
r / Wr ite Variabl~~ ,/

20
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/i~AD: MSX, I UN

4
/ WRITE : MSX /

DO3M S=l , MSX

1~/ READ: (XSS(MS,N), N 1 ,~~1”

4
/ READ: IMS(MS), HS(MS), THO(MS), PHO(MS)/

4,
4/ READ: WM(MS), WP(MS)/

_____________  

1
3 CONTINUE

H 
_ _ _ _ _ _ _ _ _ _ _ _ _

Rotate and Translate Coordinates
I .

Change Uni ts to Meters

/ Wri te New and Old Coordinates
/ and Units

21 
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I

READ: (IR(1), 1=1 ,24)

WRITE: (IR(I) , 1=1 ,24)

T
If CE: M

F

I
If

F

STOP

22
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/ READ : LWRITE

1~/ WRITE: LWRITE

READ : LPLT 4/
~1~/~ 

WRITE: LPLT

/ READ: RADIUS,IPLT /
4

/ WRITE: RADIUS, ‘IPLT/

23

I 
_ _ _  

_ _ _ _ _ _ _ _  
_ _ _ _ _ _  
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A. Command TO:

This comand enables the user to obtain an extended output of various
i ntermediate quantities in the computer code. This is useful in testing
the program or in analyzing the contri butions from various scattering
mechanisms in terms of the total solution.

1. READ: LDEBUG, LTEST, LOUT
a) LDEBUG: Thi s i s a logi cal var iable defined by I or F.

It is used to debug the program if errors are
suspected wi thin the program. If set true, the
program pri nts out data on unit #6 associated
with each of its internal operations . These
data can , then , be compared with previous data
which are known to be correct. It is , also ,
used to insure initial operation of the code .

• Only one pattern angl e is considered .
• (normally set false)

b) LTEST: This is a logical variabl e defined by T or F.
It is used to test the input/output associated
with each subroutine. The data written out on
unit #6 are associated wi th the data in the
window of the subroutine . They are written
out each time the subroutine is called . It is,
also , used to insure initial operation of the
code. Only one pattern angle is considered.
(normally set false)

c) LOUT: This is a logical variable defined by T or F.
It is used to output data on unit #6 assoc iated
with the main program. It too is used to initially
insure proper operation. It can be used to examine
the various components of the pattern.
(normally set false)

2. READ : LSLOPE, LCORNR , LSOR

a) LSLOPE: This is a logi cal variable defined by T or F.
It is used to tel l the code whether or not slope
diffraction is desired during the computation.
(normally set true)

b) LCORNR: This is a logical variabl e defined by T or F.
It is used to tel l the code whether or not
corner diffraction is desired during the corn-
putation .
(normally set true)
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c) LSOR: This is a logical variabl e which is defined by
I or F. It is used to specify whether or nct
the operator wants simply the antenna pattern
alone.(normal ly set false)

3. READ: JMN(l) , J M X ( l ) ,  JMN(2 ) ,  JMX(2),  JMN(3), JMX(3)

a) JMN(1), JMX(l): These are integer variabl es used to specify
a set of individual scattering components that are
to be incl uded in the scattered field computat ion
for the plate structures alone. JMN(l) is the
minimum component number and JMX(l) is the maximum
component number for the range of the set where
the components are defined by the following
number designations :
1 = inci dent field
2 = single reflected fields
3 = double reflected fields
4 = single diffracted fields
5 = reflected-diffracted fields
6 = diffracted-reflected fields
7 = identifi es double diffracted problem areas

(double diffracted fields are not computed
at present).

Normally JMN(l)=l and JMX(l)=7. This would
compute all the availabl e field values for a
convex or concave plate structure.

b) JMN(2), JMX(2): These are integer variables used to specify
a set of indi vidual scattering components that are
to be incl uded in the scattered field computation
for the finite elliptic cyl inder structure alone.
JMN(2) is the minimum component number and JMX(2)
is the maximum component number for the range of

- - the set where the components are defined by the
following number designations:
1 = incident, reflected, trans i tion and creeping

wave fields .
2 = single reflected fields from the end caps.
3 = singl e diffracted fields from the end cap rims.
Normally JMN(2)=l and JMX(2)=3.
This would compute all the field values for a
finite ell iptic cylinder structure.
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c) JMN(3), JMX(3): These are integer variabl es used to specify
a set of individual scattering components that are
to be included in the scattered field computation for
the interactions between the plate and cylinder
structures. JMN(3) is the minimum component number
and JMX(3) is the maximum component number for the
range of the set where the components are defined by
the following number designations:
1 = fields reflected from the plates then reflected

or diffracted from the cylinder.
2 = fields refl ected from the cylinder then reflected

from the plates.
3 = fields reflected from the cylinder then diffracted

from the plates.
4 = fields diffracted from the plates then reflected

from the cylinder.
Normal ly JMN(3)=l and JMX(3)=4.
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B. Comand PD:

This command enables the user to define the pattern axis of rotation,
the angular range , and the frequency .

1. READ: THC , PHC, THP

This set of data is associated with the conical pattern desired
during execution of the program. The pattern axis is defined by the
spherical angles (THC, PHC) as illustrated in Figure 1. These angles
define a radial vector direction which points in the direction of the
pattern axis of rotation. These angles actually set-up a new coordi-
nate system in relation to the original fixed coordinates . The new
Cartesian coordinates defined by the subscript “p” are found by first
rotating about the z-axis the angle PHC and , then , about the yp—axis the
angle THC. The pattern is , then, taken in the “p ” coord inate system
in terms of spherical angl es. The theta angle of the pattern taken
about the zp-axis is defined by THP. The phi angl e is defined by the
next read statement. In the present form the program will , then,
compute any conical pattern in that THP is used as the conical pattern
angle about the Zp-axis for the complete pattern, calculation.

As an aid in setting up the Up~ coordinate system the follow ing set
of equations give the relationships between (THC, PHC) and the Xp, yp,
Zp_axes . Note that the “p” axes are defined as radial vector directions
in the spherical coordinate system:

= cos(PHC)sin(THC+9O0)~+sin(PHC)sin(THC+9O0) + cos(THC+90°)i

= cos(PHC+9O°)~ + sin(PHC+900)

= cos(PHC)sin(THC)~ + s in(PHC)s i n(THC) .~ + cos(THC)i

where 0 < THC < 1800 and 0 < PHC < 3600. In its present form it shoul d be
noted that the user may not be able to define the xp-axis at the starting
location that he desires. In addition , the rotat ion of the pattern may
be in the opposite sense using this approach. However, these probl ems
can be easily overcome with properly written plot routines .

a) THC , PHC: These are real variables. They are input in
degrees and define the axis of rotation about
which a conical pattern will be computed.

b) fliP: This is a real variable. It is input in degrees
and used to define the conical angle about the
axis of rotation for the desired pattern .
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Figure 1. Definition of pattern axis.
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2. READ: IB, IE, IS
a) IB, IE, IS: These are Integer variables used to define

angles in degrees . They are, respectively,
the beginning, ending, and incremental val ues
of the phi pattern angle.

As a result of the input given by the two previous read statements,
the operator has completely defined the desired conical pattern to be
computed during execution of the program.

3. READ: FRQG

a) FRQG: This is a real variable which is used to define
the frequency in gigahertz.

C. Comand RG:

This command enabl es the user to specify a far field distance, R,
to the observer. The fields are then normalized by the factor exp(-jkR)/R.

1. READ: LRANG

a) LRANG: This is a logi cal variabl e defined by T or F. If
set true it enables a far fiel d range to be specified.
If set false the next read statement is skipped.

2. READ: RANGS , IUNIT

a) This is a real variable whi ch is used to specify the far
field range, R.

b) IUNIT: This is an integer variabl e that indicates the
un its for the input data that follows , such that if

• 
11 

÷ meters
I :  IUN IT= 12+ feet

~3 -‘
~ inches

Note that R should be in the far field of the scattering structure,
that is , R > 2D2/x where D is the maximum dimension of the structure.
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D. Command RI:

This command enables the user to translate and/or rotate the
coordinate system used to define the input data in order to simplify
the specification of the pl ate, cylinder, and source geometries. The
geometry is illus trated in Figure 2.

1 z

L —
~~~~~~

—-

~~~~~~ Y

Figure 2. Definition of rotate-translate coordinate system geometry.

1. READ: IUNIT, (TR(N), N 1 ,3)

a) IUNIT: This Is an integer variabl e that indicates the
units for the input data that follows, such that

11 ~ meters
IUNIT = 

~ 
2 feet

• L3 inches

b) TR(N): This is a dimensional real variable. It is used
to specify the origin of the new coordinate system to be
used to input the data for the source or the scattering
structures. It is Input on a single line with the real
numbers being the x,yz coordinates of the new origin
which corresponds to N=l ,2,3, respectively.
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2. READ: THZP , PHZP , THXP, PHXP

• a) THZP, PHZP: These are real variabl es. They are Input in
degrees as spherical angles that defi ne the
z-axis of the new coordinate system as if it
was a radial vector in the reference coordinate
system.

b) THXP , PHXP: These are real variables . They are input in
degrees as spherical angles that define the
x-axi s of the new coordinate system as if it
was a radial vector in the reference coordinate
system.

The new x-axis and z-ax is must be defined orthogonal to each other.
The new y-axis is found from the cross product of the x and z axes. All
the subs~equent inputs will be made relative to this new coordinate system,
wh ich i s shown as x~, Yt’ zt unless command “RT:” Is called again and
redefined.

E. Command PG:

This command enables the user to define the geometry of the flat
plate structures to be considered. The geometry is illustrated in
Figure 3.

4 1t

#3 (—I ,—t ,O) •2(— $ , I ,O)

FLAT PLATE

4(I

X t

Figure 3. Definition of flat plate geometry.
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1. READ: LPLA

a) LPLA: This is a logical variable defined by T or F. It
is used to specify whether or not there will be
any plate scattering structures defined. IF LPLA
is false the rest of the READ statements for this
comand will be skipped.

2. READ: MPX, IUNIT

a) MPX : This is an integer variable which defines the maximum
number of plates to be used in the present simulation
of the structure. Presently, 1 ~ MPX ~ 14.

b) IUNIT: This is an integer variabl e that indicates the units
for the input data that fol lows , such that ifr 1 ÷ meters

IUNIT = 1ç 2 feet
(3 inches

3. READ: (MEP(MP), MP=l , MPX)
a) MEP (MP): This is a dimensioned integer vari able. It is

used to define the number of corners (or edges)
on the MPth plate. They are defined on the same
data line with commas between integer values.
Presently, 1 ~ MEP (MP) ~~6 with 1 ~ t1P ~ 14.

4. READ; (XX(MP,ME,N), N=1 ,3)

As stated earlier the locations of the corners of the flat plates
are input in terms of the x, y, z coordinates in the specified cartesian
coordinate system.

a) XX(MP ,ME,N): This is a triply dimensioned real variable.
It is used to specify the location of the
MEth corner of the MPth plate. It is input
on a single line with the real numbers being
the x,y,z coordinates of the corner which
correspond to N=1 ,2,3, respectively, in the
array. For example, the array will contain
the following for plate #1 and corner #2
located at x=2., y=4., z=6.:
x(1 ,2,1 )=2.
x(l ,2,2)=4.
x(l ,2,3)=6.
This data is Input as: 2.,4.,6.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Considering the flat plate structure gi ven in Figure 3, the input

data is given by

1., 1., 0 : corner #1
-1., 1., 0. : corner #2
-1.,-l., 0. : corner #3 plate #1
l.,-1., 0. : corner #4

Presently: 1 < MP < 14
1 < M E < 6
1 < N  < 3

(See Chapter IV for further details in defining the corner points.)

F. Command GP:

This command enabl es the user to specify a perfectly con’~ucting
infinite ground plane in the x-y plane .

1. READ: LGRND

a) LGRND : This is a logical variabl e which is defined by T
or F. It is used to specify whether or not a perfectly conducting
infinite ground plane is desired in the x-y plane (fixed coordinate
system). If LGRND is set true the logical variable LPLA will automatically
be set true since the ground plane is considered to be a very large plate
for computation purposes.

G. Command CG:

This command enables the user to define the geometry of the finite
ell iptic cylinder structure to be considered . Note only one may be
specified. The geometry is illustrated in Figure 4.

1. READ: LCYL

a) LCYL: This is a logical variable defined by T or F. It
is used to specify whether or not there will be a
cylinder defined . If LCYL is false the rest of
the READ statements for this command will be
skipped.

2. READ : AA , BB, IUNIT
• a) AA: This Is a real variable which defines the radius of

the elliptic cylinder on the x-axis of the cylinder.
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Figure 4. Definition of finite elliptic cylinder geometry.
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b) BB: This is a real variable which defines the radius
of the elliptic cyl inder on the y-axis of the
cyl i nder.

c) IUNIT: This is an integer variabl e that indicates the
units for the input data that follows, such that if

fl -p meters
IUNIT = ~2 

-
~ feet

L3 -p inches.

3. READ: ZCN, THTN, ZCP , THTP

a) ZCN: This is a real variable that defines the position of
the center of the most negative endcap on the z-axis
of the cylinder .

b) THTN: Thi s is a real variable. It is input in degrees and
• defines the angle the surface of the most negative

endcap makes wi th the negative z-axis in the xt-zt pl ane.

c) ZCP: This is a real variable that defines the position of
the center of the most positi ve endcap on the z-axis
of the cyl inder.

d) THTP: This is a real variable . It is input in degrees and
defines the angle the surface of the most positive endcap
makes with the positive z-axis in the xt-zt plane.

H. Command SG:

This command enabl es the user to specify the location and type of
source to be used. The geometry is illustra ted in Figure 5.

1. READ: MSX , IUNIT

a) MSX : This is an integer variabl e which defines the maximum
number of elemental radiators to be considered during
execution of the program. Presently, 1 < MSX < 50.

b) ILJNIT: This is an integer variabl e that indi cates the units
for the input data that follows , such that i f

fl -p meters
IUNIT = <~2 -p feet

-p inches
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Figure 5. Definition of source geometry.

2. READ: (XSS (MS,N) N=l ,3)

a) XSS (MS ,N): This is a doubly dimensioned real array which is
used to define the x,y,z location of the MSth
elemental radiator in the specified cartesian co-
ordinate system. Again , a s ingle line of data
conta ins the x ,y,z (11=1 ,2,3) locations.
Presently, 1 < MS < 50

l~~~N ~~3
(See Chapter IV for further detailsThn d~fining the source point.)
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3. READ: IMS(MS), HS (MS), THO (MS), P110 (MS)

a) IMS (MS): This is an integer array which is used to
define whether the MSth source is an elec tric
or magnetic elemental radiator.
IMS (MS) = 0 -p electric
IMS (MS) = 1 -p magnetic

b) HS (MS): This is a real array ~ihich is used to input
the length of the MStI~ element in electrical
wavelengths . It is not input in inches.

c) THO (MS), P110 (MS): These are real arrays which are used
to define the orientation of the MSth element
in the specified cartesian coordinate system. The
THO , PHO angles are in degrees and define a
radial direction which is parallel to the MSth
element current flow. Again , THO is the theta
angle and PHO is the phi angle in a normal
spherical coordinate system.
Presently, 1 < MS < 50.

• 4. READ : WM (MS), WP (MS)

a) t41 (MS) , WP (MS): These are real dimensioned arrays used
to define the excitation associated with the
MSth element. The magnitude is given by wM
and the phase in degrees by WP.
Presently, 1 < MS < 50.

I. Commands cM: and CE:

These commands enable the user to place comment card s in the input
and output data in order to help identi fy the computer runs for present
and future reference.

1. READ: (IR(I), 1=1 ,24)

a) IR(I): This is an integer dimensioned array used to
store the command word and coments. Each card
shoul d have CM: or CE: on them followed by an
al phanumeric string of characters. The CM:
command implies that there will be another
comment card following it. The last comment
card must have the CE: command on it. If there
is only one comment card the CE: command must
be used.
Note: It is possible to place comments to the
right of all the command words, if desired.
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J. Command LP:

This command enables the user to specify whether a line printer
listing of the results is desired.

1. READ: LWRITE

a) LWRITE : This is a logical variabl e defined by I or F. It
is used to indicate if a line : printer listing of
the total fiel ds (E6 ,E~~) is desired.(normally set true) ~

• K. Command PP:

1. READ: LPLT

a) LPLT: This is a logical variabl e defined by T or F. It
is used to indicate if a polar plot of the total
fields (Eep,Eq p) is desired. If LPLT is false the
rest of the READ statements for this command will
be skipped.

2. READ: RADIUS, IPLT

a) RADIUS: This is a real variabl e that is used to specify
the radius of the polar plot.

b) TPLT: This is an integer variabl e that indicates the type
~f polar plot des i red, such that if
11 s

~ field plot
IPLT = 12 -p power plot-p dB plot

The fields will be normalized by their maximum field val ues.

L. Command EX:

This command is used to execute the scattering code so that the
total fields may be computed. After execution the code returns for
another possible command word.

Thi s concludes the def init ion of all the input parameters to the
program. The program would , then, run the des i red data and output the
results on unit #6. However as with any sophisticated program, the

• definition of the input data is not sufficient for one to fully under-.
stand the operation of the code. In order to overcome this difficulty
the next chapter discusses how the input data are interpreted and used
in the program.
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IV. INTERPRETATION OF INPUT DATA

This computer code is written to require a minimum amount of user
information such that the burden associated with a complex geometry
will be organized Internal to the computer code. For example , the
operator need not Instruct the code that two plates are attached to
form a convex or concave structure. The code flags this situation by
recognizing that two pl ates have a common set of corners (i.e., a
common edge). So if the operator wishes to attach two plates together
he needs only define the two plates as though they were isolated. How-
ever , the two plates will have two Identical corners. All the geometry
information associated with plates with common edges is then generated
by the code. The present code also will allow a pl ate to intersect
another plate as shown in Figure 6. It is necessary that the corners
defining the attachment be positioned a smal l amount (approximately
10 wavelengths) through the plate surface to which It is bei ig con-
nected.

SOURCE

‘

I,

I 
(~~~

TE#z

Figure 6. Data format used to define a flat plate intersecting
another flat plate.

In defining the plate corners It is necessary to be aware of a
subtlety associated with simulating convex or concave structures in
which two or more plates are used In the computation . This problem
results in that each plate has two sides. If the plates are used to
simulate a closed or semi -closed structure , then possibly only one
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side of the plate will be illuminated by the antenna. Consequently, the
operator must define the data In such a way that the code can infer
which side of the plate is illuminated by the antenna. This is accomplished
by defining the pl ate according to the right-hand rule. As one’s fingers
of the right hand follow the edges of the plate around in the order of
their definition , his thumb should point toward the illuminated region
above the plate. To illustrate this constraint associated with data format,
let us consider the definition of a rectangular box. In this case, all

• the pl ates of the box must be specified such that they satisfy the right-
hand rule with the thumb pointing outward as illustrated in Figure 7. If
this rule were not satisfied for a given pl ate, then the code would assume
that the antenna is within the box as far as the scattering from that
plate is concerned.

- 

~~~~E #2

Figure 7. Data format used to define a box structure.
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Another situation which must be kept in mind Is associated with
antenna elements mounted on a plate. The code automatically determines
that the antenna element is mounted on the plate. It assumes that the
element will radiate on the si de of the plate into which the normal
points. Thi s is accomplished in the code by automatically positioning
the source a small distance (10 6 wavelengths above the plate in the
di rection of the nov~al as Illustrated In Figure 8. It is Important,

A A
A A

4 SLOT
NONOPOLE ( MAGNETIC

EQUIVALENT r I / / DIPOLE )
DIPOLE J 

~~ 
e F 

_ _ _LENGTH 1 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

I 
8< io~’x 8cio-’X

(a) MONOPOLE (b) SLOT

Figure 8. Illustrati on of geometry for plate-mounted antennas.

therefore, to follow the simple rules above for defining the plate
normals when deal ing with pl ate mounted antennas. There is , also ,
another point associated with antennas mounted on perfectly-conducting
flat structures. If a plate-mounted monopole is considered in the com-
putation , one should input the equivalent dipole length and not the
monopole length (i.e., the monopole pl us image length should be used as
shown in Figure 8a). The code automatically handles the half dipole
modes associated with the monopole. The plate—mounted slot is, also ,
automatically taken care of by the code as shown in Figure 8b if a
magnetic dipole is used.

The same situation arises when the antenna is mounted on the elliptic
cyl inder ’s end caps. It should also be remembered that the antenna can
not be mounted on the curved part of the cylinder. In general , the
antenna should be kept a wavelength away, however , this can often be
relaxed to approximately a quarter-wavelength.

In the present code, the attachment of a plate corner to the curved
surface of the cylinder is automatically detected, however, a di ffracted
field from the plate—cylinder junction is not considered in this version.
If the plate—cylinder junction forms a straight, orthogonal edge, as
shown In the aircraft model s of Figures 22 and 24, image theory alone
will give the correct results. The diffracted fields , therefore, are
not needed. If the pl ate-cylinder junction forms a curved edge or one
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in which the plate and cylinder surface are not orthogonal a diffracted
field from that edge will be required in the solution . This will be
added when time and effort permit.

Section VI has a set of sample problems to illustrate how the
operator can real ize the versatility of the code and still satisfy the
few constraints associated with the input data format.

V. INTERPRETATION OF OUTPUT

The bas ic outpu t from the computer code is a l ine pr inter l istin g
of the results. The results are referenced to the pattern coordinate
system that was described in Section IV and is illustrated in Figure 1.
Thus the total el ectric field is given by

! (e~.s~) = ~~~~ + +~
E+p.

The fields are assumed to be peak values gi ven in volts/unit when the
facto r e JkR /R is suppressed in the far field. If an R val ue is specified
using the “RG :” comand then the results will be in vol ts/meter. The
results are displ ayed in three sections. The first output associated
with the E0~ f ield , the second is outpu t assoc iated wi th the Eop field ,
and the third is output associated wi th the total field. The first
section is displ ayed as follows: o~ •,~, Ee~ /E,~~ (phase of Ee~),

tE 0~ (magn itude of E0~) , Gd0 (directive gain E01,), lEep~/IE ep~max
(normalized magnitude of E0~). Gd norm (normalized value of the
directive gain ’. The second section is similarly done for the ~~ field.
The third section is displ ayed as follows: e

’,
, •~,. Gd major (directive gain

of Emajor)~ Gd minor (directive gain of Emjnor)~ y (t i lt an~jle of polari-
zation ell ipse, axial ra tio, Gd (total directive ga in ) , Gd norm (normal-
ized total directive gain). The above quanti ties are defined as follows:

G 2irR2
d 

~o ~rad

G 
2irR2 E 2

do 
~o~~rad 

Op

G 2irR2 E 2
d$
~~

flo Prad ~~~
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G 
_ 2nR2 E 2

d major - 

n0 1’rad major ’

2irR2 2Gd minor 
~o 

1
~rad 

lEminor l

Emajor = E (IE9~I c0s~+1E,~Icos*5uhi~)
2 +IE,~I

2sin 2*sin2~]
112

Eminor = [(IE 0~ Isi nv- IE,~Icos*cosi)
2 

+ IE,~I2 sin 2~pcos
2y]1’2,

= /E+p 
— /E01, [10,11]

~ —l (21E0 l IE lcos~ 
•\

y~~~~~r tan I ~ I

~~
E 2~~~ 2
Op — I

E .
ax ial ratio = 

minor
Emajor

• ~~• , no = free space impedance.

The val ue 
~rad 

is the power radiated. The code makes a simple
estimate of the power radiated based on isolated dipoles in free space.
This is only meant to give a ball-park figure for the directive gain.
It shoul d be cautioned that this could be a rather crude estimate of the
gain in any given situation . If a better estimate of the power radiated
can be obtained , for example, from a moment method code, then that value
could be used in the code to gi-~e a more accurate value for the directivegain.

- 
• 

A very convenient means of displaying the results of the program is
- 

• through a polar plot representation. However, because of the difficulty• of delivering standard plot routines from one computer system to another, -

our plot package Is not included as an integral part of this computer
code. A simple polar plot routine Is given in Appendix I which can be
used if desired. The proper subroutine for the particular computer used

• must be observed if the subroutine is to compile and execute as desired.
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The next section displays the resul ts in either polar or rectangular
dB pl ots to compare against measured results whenever possible. The
results are normalized to either 0 dB or the measured patterns maximum.

VI. APPLICATION OF CODE TO SEVERAL EXAMPLES

The following nine examples are used to illustrate the various
features of the computer code. The results are presented in terms of
polar and rectangular plots. The polar plots can be genera ted us ing
the polar pl ot routine given in Appendix I. Note that the patterns are
plotted in decibels with each division being 10 dB. The rou tine in
Appendix I does not make any reference to a symbol subroutine, in that
they are very much machine dependent. Thus, labeling is not include d
on the plots.

Note that the input data lists are shown containing most all of
the commands needed for the particular examples given. In many cases
the inpu t list can be shortened because the data contained in the
default list at the beginning of the program need not be input through
the read statements every time. For example, the “TO: ” command data
could be left out of the input list in most of the examples given here.
The user should refer to that section of the particular code that he is
using to see what the defaults are. The default list can be changed to
meet his particular needs if necessary.

Example 1. Consider the pattern of an electric dipole in the
presence of a finite ground plane as shown in Figure 9. The input data is
given by

TO:
• F,F,F

T,T,F
1,7,1,3,1 ,4
PD:
O.,O.,90.
0,360,1
10.43
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2 (0 -6 ,6) #~ (0,6,6)

~~z.
1 1qp

SHORT DIPOLE
(6.75,0,0) yp y

Xp

*3t0, -..6,_6) 
- 

•4(O,6,_6) 
-

• 

• 

Figure 9. Short dipole in presence of a
square ground plane.
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PG:
I
1,3

• 4
O.,6.,6. : corner #1 ~0.,—6.,6. : corner #2 

~. Plate #1
O., —6 ,-6. : corner #3
O.,6 ,-6. : corner #4
SG:

• 1 ,3
6.75,0.,0.
0, .1 ,0. ,O.
l .,O.
EX:

The E9 pattern is plotted in Figure 10. The ~~ pattern is not
plotted becRuse it is of negligible value .

Example 2: Consider the pattern of a A/2 slot antenna mounted in
the center of a square ground pl ane as shown in Figure 11. The input data
is given by:

PD:
90. ,l35. ,9O.
0,360,1
10.
PG:
T

• 1 ,3
4

• 1  • I
-6. ,6. 0.
—6. ,—6. ,0.
6. ,—6. ,O.

• ‘ I

46



- - 
_____________

C.

Figure 10. Eep radiation pattern for a short electric dipole located
above a square plate at a frequency of 10.43 GHz.
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H: #4 

* 
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Figure 11. A X/2 slot mounted on top of
a square ground plane.
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SG:
1 ,3
0. ,O. ,0.

• l ,.5,90.,90.
l.,O.
EX:

The E0 and Eth patterns are plotted in Figure 12. Note this
pattern is ~aken di?ectly across the corner of the plate; yet, both
patterns are continuous.

Exampl e 3. Consider the pattern of an electric dipole in the
presence of an eight-sided box as shown in Figure 13. The input data
is given by:

PD:
O.,O.,9O.
0,360,1
9.94
SG:
1 ,1
.212,0. ,O.
0,0.5,0. ,O.
l.,O.
PG:
T
8,1
4,4,4,4,4,4,6,6
.l22 ,- .1023 ,-.l
.122,—. 1023, .1
0. ,— .l707,.1
O.,— .1707,— .l

- 
• .l22,.l023,— .l

.l22 ,.lO23,.l

.l22,— .1023, .1

.122,— .lO23,— .l
0.,.1707,— .l
0. ,.1707, .1
.122 ,. 1023, .1
.l22,.1023,— .l
— .122,.l023,— .l
— .122,1023, .1
O.,.1707,.l

49
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Figure l2a. E8p radiati on pattern of A/2 slot antenna mounted on a
square ground plane at a frequency of 10 GHz.
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Figure 12b. E~p radiation pattern of A/2 slot antenna mounted on asquare ground plane at a frequency of 10 GHz.
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_  S -~~~~~~~~

Z p

4 z
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y p

Figure 13. Electric dipole in the presence of an eight sided box.

0. ,.1707,— .l
— .122,-.1023,-. 1
- . 122,—. 1023, .1
— . 122 , . 1023, .1
— .l22 ,.1023,— .l
0. ,— .17O7 ,— .1
0. ,— . 1707, .1
..l22,— . 1023, .1
~-.l22,-.lO23,-.10. , .1707, .1
— .122,.l023,.l
— .l22 ,— .1023,.l
0. ,— .1707,.l
.122,— . 1023, .1
.122 ,.1023,.l
O.,.l7O7,— .l• .l22,.1023,— .l
.122,—. lO23,— .l
0. ,—.l707,— .1
— .122,— . 1023,— . 1
-.122,.1023,-. 1
EX:
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The E0 pattern is compared with measured results D2] . In Figure 14.
The E.~ pat?ern is not plotted because it is of negligible value.

Example 4. Consider an electric dipole in the presence of a finite• circular cylinder as shown in Figure 15. Thi s example shows how once the
cyl inder geometry is set up different cases can be run by just changing
the data that needs to be changed for the particular case to be run.

PD:
0. ,Q. ,90.
0,360,1
9.94
SG:
1,1 4a. original problem (Figure l5a)
0. ,0.19,O.
0,0.5,90. ,O.
l.,O.
CG:
I
0.1,0.1,1
—0.ll ,90.,0.ll ,90.
EX: •
PD: 1 t

90.,0.,9O. 4b. pattern cut changed (Figure 15b)
0,360,1 1
9.94 JEX:
SG: I

1 ,1 J
0.076,0.0,0.2
O,0.5,90.,O. I 4c. source location changed (Figure 15c)
l.,0. JEX:

The calculated results are compared wi th measured results El2J
in the following figures.

The ~~ pattern for example 4a is shown in Figure l6a.The E0~ pattern for example 4b is shown in Figure 16b.The E8~ pattern for example 4c is shown in Figure l6c.
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Example 5. Consider the pattern of a magnetic dipole In the
presence of an elliptic cylinder as shown in Figure 17. The input
data is given by:

PD:
0. ,O. ,90.
0,360,1
0.2997925
CG:
T
2.,l.,l
-500. ,90. ,500. ,90.
SG:
1 ,1
2.828,2.828,0.
1 ,0.5,0. ,O.
l.,0.
EX:

The E. pattern is plotted in Figure 18 compared with a moment
method solu~ion. The E0~ pattern is not plotted because it is ofnegli gibl e value.

Example 6. This example illustrates the analysis of the pattern
of an electric dipol e in the presence of a plate and a finite circular
cylinder as shown in Figure 19. The patterns of the individual parts
are first analyzed separately and then combined to see the effects of
the different structures. The following input is shown as if all four
cases are run consecutively in one run. Of course, the input could
easily be constructed for individual runs for each case.

5
’

• TO:
F,F,F
F, F ,T
1 ,7,1,3,1 ,4
PD:
0. ,O. ,90.
0,360,1 . 6a. Source alone (Figure 20a)
4.
SG:
‘‘30. ,5.625,O.
0,0.508,90. 0.
l.,O.
EX:
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ELLIPTICAL
CYLINDER

Figure 17. Elliptic cylinder configuration excited by a
magnetic source parallel to the z-axis.
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Figure 18. Comparison of GTD and moment method results CE pattern)
for an ell iptic cylinder (a=2, b=l).
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Figure 19. A ~/2 d ipole in the presence of a square pla te.
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TO:
F F ,F
T,T F
1 ,7,1 ,3,1,4
PG:
I
1 ,3 . 6b. Source and plate (Figure 20b)
4
5. ,O. ,5.
5. ,O. ,—5.
—5. ,0. ,—5.
—5.,0.,5.
EX:
PG:
F
RI:
3,O.,l2.3125,-O.125 . 6c. Source and cylinder (Figure 20c)
O.,0.,90.,O.
CG:
T
1.25,1.25,3
-8.5,90. ,8.5,90.
EX:
RI:
3,0. ,0. ,O.
0. ,0. ,90. ,0.
PG: 6d. Source, plate, and cyl inder
T (Figure 20d)
1,3
4
5. ,0. ,5.
5. ,O. ,—5.
—5. ,O. ,—5.
—5. ,O. ,5.
EX:

The E th pattern is compared between the calculated and measured
patterns fo? the source alone in Figure 20a, the source and pl ate in
Figure 20b, the source and cyl inder in Figure 20c, and the source ,
plate , and cylinder in Figure 20d.
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Example 7. Consider an electric monopole mounted on the wing of a
simpl e aircraft model as shown in the insert of Figure 21. The Inpu t
data Is given by:

cM: INPUT FOR A SIMPLE AIRCRAFT MODEL
CE: CcMPARISON OF MEASURED RESULTS
P0:
0. ,O. ,90.

• 0,360,1
10.87
PG:
T
2,3
4,4
O.,15 .3l,—l5.8l
O.,l5.31 ,—l2.8l
0. ,2.5,0.• O.,2.5,-6.
O.,-2.5,—6.
0. ,—2.5,O.
0. ,—l5.3l ,—l2.8l
0.,-l5.31,-15.81
SG:
1,3
O.,7.5,—7.l9
0,0.5,90. ,O.
l.,O.
CG:
I

2.5,2.5,3
—30.5,90.,17.5,90.
EX:

The E$D pattern is compared with a measured result in Figure 21. The
E0~ pattern is not plotted because it is of negligibl e value .
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Figure 21. Comparison of measured and calculated results for
the roll plane radiation pattern (E

’
) of a simple

aircraft model wi th a short monopole mounted on
its wi ng. (freq = 10.87 GHz).
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Exampl e 8. Consider a slot mounted on the wing of a F-4 aircraft.
The computer model of the F-.4 is illustrated in Figure 22. The Input
data is given by:

cM: INPUT FOR A F4 COMPUTER MODEL
CE: COM PARISON OF MEASURED RESULTS
CG: FUSELAG E INPUT
T
87.,54.,3
—420.,9O.,26.6,20.
PG: WINGS AND VERTICA L STAB ILIZER INPUT
T
5,3
4,5,4,5,4
.,  .,— .

O.,l66.2,—86.2
• 0.,l66.2,32.8

0. ,54. ,0.
O.,166.2,—86.2
0.,166.2,-96.2
19.7,228.7,0.
19.7,228.7,53.4 •

O.,166.2 32.8
O.,—54.,0.
O.,—166.2,32.8
O.,—l66.2,—86.2
O.,-54.,—228. —

O.,—l66.2,32.8
l9.7,—228.7,53.4
l9.7,—228.7,O.
0.,—166.2,-96.2
0. ,—166.2,—86.2
87.,0.,205.l• l49.9,O.,l97.3
154.3,O.,153.l
87.,O. ,ll .4
SG: .748 WAVELENGTH SLOT
1 ,3
0. ,149. 1 ,—73.6
l,O.748,l35.,90.

PD: MAIN BEAM ELEVATION
45. ,270. ,90.
0,360,1
.5
EX:

The ~~ radiation pattern is compared with a measured result made
on a scale model of a F—4 at Naval Weapons Center [5], in Figure 23.
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(a) FRONT VIEW 
-

3 2

Ii z
2/ ft

0

~~~~\N~~ /
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_ _ _ _  ______- 

~~s-
N*I \

SLOT ~~~~~
ANT ENNA _ _ _ _ _ _ _

~1
(b) TOP VIEW tY 3 2

Figure 22. Illustration of geometry of F-4 aircraft model used
in fini te elliptic cylinder model.
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P

Figure 23. Comparison of NWC measured results on an F-4 model
with the finite elliptic cylinder model results of
main beam elevation plane radiation pattern.
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Example 9. Consider a slot mounted on the wing of a Boeing 737aircraft. The computer model of the Boeing 737 is illustrated In
Figure 24. The Input data is given by:

CM: INPUT FOR A BOEING 737 COMPUTER MODEL
CE: COMPARISON OF MEASURED RESULTS
PD:
6O.,90.,90.
0,360,1
1.746
CG:
I
104.1,74.7,3
-570.5,90. ,26O.4,20.
PG:
I
3,3
5,5,4
0. ,74.7,—2l2.8
O.,547.9,4O.8
O.,547.9,95.l
0.,203.8,O.
O.,74.7,0.
O.,—74.7,Q.
0.,-203.8,0.
0.,—547.9,95.l
0. ,-547.9,40.8
0. ,—74.7,—212.8
104.1 ,O. ,448.3

• 344.l,0.,516.2
344.l,O.,443.7
104.l,O.,235.5
SG:
3,3• O.,3l2.4,—45.3
1,0.827837,90. ,90.

• 1.,0.
O.,3l2.4,—44.366
1,0.827837,90. ,9O.
l.,0.
0. ,312.4,—46.234
1 ,O.827837,90. ,90.
l.,O.
EX:

The E~0 radiation pattern is compared with measurements in Figure25. The méàsurements were made on a 1/20 scale model of a Boeing 737 at
NASA (Hampton, Virgin ia). The antenna is a KA band waveguide mounted in
the wing and is represented by three magnetic dipoles in the computer
results [5).

- • The line printer output for this example is shown in Figure 26.
This is only a partial list of the output for the fields above the wing
in 10° Increments for brevity.
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FIgure 24. Illustration of geometry of Boeing 737 aircraft model
used In finite ellipt ic cyl inder model.

75

~~~~~~
- 

S • - - - - - •-  _ _ _ . _~~~~~~~~~~~~~~~~ - • - - 5 -

-• 5-— -  -- —-—-5 - —-5--—— --—— 5- -• - • 5--— •-—•-—- . - 5 - .  S



-5 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

______________  _________________

MEASURED
——-- CA:CuLATED

0
a.

Ii

Figure 25. Comparison of measured and calculated E0 results.
p

76

11~ — —-5-— - - 5 - ________ . 5—

~~~~~~~~~~ --5 — - --— ~~~~--~~~~~~~~-5-



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-_ - - - .-——~~

• P 0
• . a• • a
• 0 •• 0 0 0 0* * 0  l~~U4 0 C c . 4 . s . 4 t . . 5.4 * 0 P - 4~~~~ C 0  1.
• • d1~~~0~ 4 0 0 . 4 0 S . 0 1* S 1  ~~~~~ ~~P - 0  0
• * _.t0 0 *J10401~~~~.fl,0 .C 0~~~0’,~~~~4* 0
* 0 3 ¶à .4 0 ~~~~~~~~~~~~~~~~~~~~~~ 4 N 4 3 4 1 4 *  0• • 0 8 4.4* lS . 4 0 4 ) 0 d~~~~ i 3  ~~~3 * f l ’ d ’4 • 0 ‘0• 0 . . . . •0  0
O 0 0* . , . .  s * 4  ~~ 4 0 1  S . 1 1  ..I ~~4 ~~~~~~~0 1 4 I  • •• 0 ~~~~~~ 1 * 1 5 1  I I S  I S I I C U ’ 4a a
• 0• • .~ S S I  5 *  — 0
• * a a P.4 1.
• 0 * 0  P.
• a a .5 0
* * 0 4 9  0• • a 10 4 * e d  * * 0 P - a f l o  ~~~~~~~~~~~.4 •  * -• * •••••* 43 0~~l0 ~~ (4 1 V 0 f 0 4 b . f l35 Ifl O .4 4)P..4
• 01. .4N0 1 1 . 4 f lf l Q O P . ..4 .4 0 0 1 0 0 - 4 4 0*  •
• * 0 30 *4-44 . 4 4 3~~04 ~~~~~0 3 4 0 0  *4 , 0 . 3 4  0
— • • a z o c o  4* * . 0 1 . 4 o*~~.3 p -  ~~~~~~~~~~~~~ *4..• 0 0 0 1.5 43 • •
• • a 0 .i 4 .4 0
* 0 4 * 0 1 . 0.• a a a 0 0
• 0 a * •. s *  ‘4 0

• 0 0 a
• * a • 1.
• a * 0 * 0)• a a 5~~~ 1V 4P~~~*~~ 4 a f l* )  . 4 , 0 00S A* *• • 0 . 0 . 0 0 *  I— 3 *.44* l~~*4 4 0 P. .4~~i4 O P4 4 Ps f l O  *
• 0 * C PS 010’IP 0~~~~~~5*J 0.,0~~. ’ 4 W ) 01 41*C CSJQNI a 4.)
* S 0 .5 4 4.401 ..*~~~ og.a*a .o flN1 P.P- 44P.

• 0 0 4* .44* *4.j)44544P.P..0d4 ~5 4 4 4 W 5 Ps~~
• . a .  a
. 0 0 —. 3 3  0.03 *.4~~~~~~4 4 * D *4 4 .0 ~~ 4 0 1 0 1 I -~~ • 0
• a a .43 4.S4~ 5 . 4 1 5 1 5 5 1 5 5  . , . 4... I0Lv • 9-• a ~ P-i 1 1 5  I S  I S I S  0a • a * * . .a  0 sI a

• a ~ .5 a 4.)
• 5 • 4 0
• a a * s.a

• 0 40 ..S .. 3 0 3 30 03 00  0 03 00 . 4  0
• a * a a a ~ s , • ~ a 4.) C )
• * a 1. 3 —  a ~~~~~~a • 0 4 Z 941L 4UI.4Si4I.19 1.44 W S.J W S.a I.I W aa a a so 32 00.., p

~~o3 4 . S *) .O 0 o G~ . 40 0 * 5 4 01 0
• 1. 1. C 4* ~~ ~~~~~~4...44P-4P-.49 1~i 0 a 4 ~ Il4 01 0 a,
• 0 0 0 4 C S  —.5 4 .eC 4 4 4 0~~ec . 4 00.401* 0 S — C
* • 0 0 1  1 1 * 4 0 0 4  C 4 0 1 * . 4 0 1 4 0 - 0 ( % 40 ‘4 S~~0 0 P - P -  0
a I 01.0 -s 01~~~~~~~~~~~~~~.0 ’. .D 4 0 1 4 0 1 . 0 4)  *

* 0  4 I • • 5  a 4 , 0 )
• a * 1.5 ‘ C Oa a • 3 a
• a a 0 0 S
• * * 0. 5 0 0 0 )  4 *4 ’ 0) 0’ 4) o $ 4 0  4 4 0 4 0 5 -P -* *  S
• • 4 — I 5 C ..* 0 *.4 4 45 P~ 01.4 0* 0 1 0 1  0 0 .40

* a * a * . . .  .4 9 5  .0*4 4i) 35 0 ’ J 0 4* 1  •~~~~~4 4 3 4  •
• 0 3 0 1 5  .0*~~ 0 0 4 o 0 1 * f l 4 4 1 S 0 1 5  *4.s**.s a

0 5. C I  5 . 0 1 4  3 5 . 3 4 . 4 4 0 0 0  *4 40 0 0  0 0) 9 —
• 0 - L I  ~~~~~~ • Co
• C II. 0 . S  04 *  *4 * 0 1 * 0 4 4 0* 0 0)  0 4 0*0) 5  0
• 0 0 S 04 0.01 4 0 45 .* 0 )* *4 0 1 5  4 0* *S 0* 4  a __

• S — — P.S — — I I S I .4 — I S S .5 . a,
• 0 4~~ 4 I 4 4 5  5 5 *  a C• • . a . .  *
• a 0 * 01 a

• a • 1 a 1.
o • a — i .s .. .~ ~~~~~~~~~~~~~~~~~~~~~~ o c o .~~o * .1

• a * • II — 5 S I S  S I  0 0)0 0 0 5) 5 0
0 0 1. 1. 1. 0 1. I U lu 4.. 1.5 5.4 1.. — .4. 1.. 4.. 5.4 1 U~ .5 5.3 I.. 4.4 1.5 S

* 0 2 I * *P 4  0 5 3 0 1  I0 O’5 ) 4  0 4 0 0 4 0.0 0 04J
• • • 0 .5 5 5.011- *.~~~4445.4013 1—0.5900 a
a a a 0 5 0 0 04 *4)~~~ P- -C 4 ) * I 4 4 4*  0 ) 4 , 0 * •
• 0 a . C *4’ is) 4 4 4 4 0 4 - 3 0 ) 4  5. 4 0 . 0 4
a • * 0 0 0* 0 *  • 3 — 04.4 * os ..4)01I- .0~~- 0 0 1  *40404.0 C O
a a I .5 4 5   • * •1~• a I S  I S I S  5 5 5 5 5  5 5 5  S S

0 * 0 4 1 - I  0
• a C. I i  0 U1 Q)
* 0 0 * 0 3 .5 I .454 0 0 .3 .40 .4 —5 .5 4353 0 04 0 0.4 .4 * .q 4.)
• 0 -0 0 * 0 0 I I  I 5 5 5  I S O  a _
• 0 * 0 0 C 0 -
• * 0 0 * 0 5 5.5 I.I 544 ~J .5W 5.4 1.41.11.4 5.~ ..1 54 U 444 1.15.5 5.1 U
a 5 1. 1. * 0 ~ I S .4 .4 * 0 C ~ C 0 4 0 5  404 ) IS CI O .L a ,— 0
• 0 0 * 0 4 41 I 0* 5 )  . 4 0 0 . 4 4 4 4 0 .* 0 1 . 0  0 4 .* 4 4 ~~0 a

• a * . a a . 0  C S 0 * 0  0 1 0 4 0 4 * 0 5 4 0 4 . 404 0 00’J’* *
• 3 I 5.0~~.5 fl *- 440’*35..440~ 45.444.444 • ••~• 0 0 5 0 0 • 0  I .I * .4 001... 01 .r ) 4 0~~ 0.4 01 04C.*01 0 4.44.)
• 5 II I) S ~ ~ • ~ • 5-0 * 0 4 5 5  5 5  5 5 5  5 5 5 5
• I 0 0 45’—
• * I 2 • Q. U)

• a I- PS I 0 0 0  0 0 0 0 0 0 0- 4 30 0  0 00 0 . 40 0
O * 0 0 * 0 * 5  — 4 5 0 00  0 0 0 40 0 . 30 0 0 0  0 Q C . C 4~~0 S

a 4* 5 4 3 0 0  0 0 ) . 0 4 3 C i 3 3 0 0  0 3 0 0 8 4 3  0
• 5 0 5  0 0 4 3  0 C . 0 4 0 0 0 0 4 3 0 0  0 . 3 Qc O O  a
• * U X I  0 0 .3  0 8 U 0 0 0 4~~~~34 *  O U O O . 4 5 0 *• a sO — ~ 5 . .  a

a * 0 * 5 * 0 *  U — S 0 0 4 3  0 0 0 00 0 0 0 0 0  0 0 0 04 3 0  • 4.0
• * 5. S 01 0’0  5 4 0 . 0 1*4 4 9 P.-~~*0 .4%0)* .4 a

• 0 4 .4 5 .0.0 04 0 5 0 4 0 0 5 0 4 0 0 0 0 1  4 4 4 0 ) 4 4 0 4 )
• a 3 5.1 I S

• — x a 0)
I 0 — • 5—

• a p 3 0 *
• S C I o e o  co..0000000 c c  ... ..o S

* I 3 .5 S 0~~~ 43 0 0 0 5 3 0’ J D C S O O  0~~~~ 8 3 . 3 0 0
• 1.I I o S C-~ 3 0  0 4 4 0 40 0 5 3 0 0 4 0 0  0 C 0 0 4 C’ 0
• 0 * P.- 1 - S  0 . 5 0  0 0 4 0 4 0 4 0r.5 0 .., .0 -3 0~~~ 0 0 4 ~~0 U-* a a 0 0 . 5  o o o  0 0 4 -’ o o o o o o o  o - . o o ~~~ o a

a 0 a * .5 2 I S   a
• 0 * * 1- 0 5 . 5  0 0 0  0 Q c . oe O o o c o  C 0 4 . 0 4 * C .0
S S • 0 4 — I * 0 . 3 4  4 3 4 0 . 0 . 1 5 3 4 4 1 ’  3. 1- 74 *
• • * 0 5. 5. S I -
• 0 0 . 5* 0 *  0 3 I S

~~
-
~T~

- - 
-- 

_
_

_

~
T :_ 

~~~~~~~~~~~~~~~~ 
- 

- -



_________________ 
—5- _— ----—~~~~~~~~~

----

• a • * • ~~~~~ 0 * 0  5 0’0.0 t . 0 2 85 . 4 3’ 3- ) 2 4 - 04 _ P.- . •• • S I 5 . 34 0  1’*34.~~74.C . _ . 5 3 ,  P . 4 3
• 4 • 0. * 4) -5 P’. 04 01 fl 04 4 .4) .5 3’ 4’ - 01 I

• • 0 4 3 0 0  4 3 4 3 1 - 0* 0 3 . 0 1 .  0 3~~~~~~~~~~~ 4 I •
• • 3 0 - 4 0 44

~~
’0)0r

~~ ~~~~~~~~~~~~~~~~~~~~ 40
• 5 • ** • ~~~~~ • 5 % 0 0 0 0 4’ s  S I  S O  ‘ 3 . 4 0 . 4 - o S

0 0 5 1  S I S I S  S S 1 1 1 1 1 0 4 *  4...
•

a
. •a a .  5. 5

a * Si • In• a • —4 _I Sa a £ 0  5.- pl o 5 . 4 ) 4 ) . 3 0 1 0 4 . . 4 4 4 0 4 3  0 . 4 . 5 .~~2 S 3 aa . . a a . S  43 0049 3 ’ O ’ t (4 * 1 I 0 4 4 ?  4 5 . •~~~3 , 0 0
40)01 * 4 3 4 3 3 0 4 7 4 . 4  3 4 S 7 , . 4 4 . 1 5 4p 0)• a 3 4 . .  0 1 5 4 0  0 4 3 , 5 ) * ) 3 0  • 4 . . ‘ 7 0 1  5.

* . a 441 34 0 5 4*  * 5 . I 3 ’ 4 . 4 . 5 5 ’ .  .0 . 4 3 4 4 - 0 3 0 5  .4—
• S • 1.5 .3 5 • • • 4..
* a a .1 -a -.
• 5 • 3 1 a
• • a ~ . I

• ~~~~~~~~~~~~~ — .• : • 
C ~ LI.I

a 3a a U 0 0 - 43 3 0  3 $ 4 4 0 1  * 7 4 3 1 - 0 0 4 5  a)
a p * a • S P 5 — , S 4 3 CI .‘ £ $4 0- 3 .4 .‘ 7, a’ * .4 4 2 43 .4 * =• . ... 3’ .~ 9 — 0’ ~‘. ~

, t ‘ 01 .5 = ~ - 4. 04 .iI r 1- 0
• .5 4 5  5. 4 4 4 )  5.2 I I4 .3’ . 0 0 1 0 1 3 0 ) JS  4 5 .5 . 4 , 0k  *a 3 1 1 5  0 . 4  4? ..,. .r. . “4 C 5 .*  3 0 5 . 0

* I . . .  a a S.a — __3 r .4~~~~~~ 
;; .q .4 I I I I 5 ‘1~ 44*) 5 4 4 0 3 a

• 5 .4 ,4 5 . 4 1 1  I I I  I 5 5  5 1 5 4 *  Sa * 4- =-~4 S I 5 *  0 44..
• a • • . * • •  3 — 5 a Sa * — .4 5 • *• a — C 0
• * )‘~~~ *a 3 2 3  3 . 5 3  0.* .4 I .4 .0 .4 p4 .I pl 4 30 . 4 003 *  0.r-...

:a a . .4 .4 .5 .~ . 4. 44 • 1..  .51.5.4 5.3 144 isI S ~~~a • • -. r r  o *C ’  * 1 . 0 ’ . 0 4 , 0 4 3 0 4 4 4 3 4  0 4 0 4 4 3 0 . 4 3*  0• • a _ - - • 4  .. “ 4 - 0 - 3 4 ,
• a 4 - 5 , 4 -  4 4 0 - -~~o j’a. ,o Q’ r- 0 1 5 . 4 3 0 4 4 * 5 . 0

• a • • 4- .~ S J . — r S 0 4 I s ? . ’\ 0) . 4 - 0 1 3  4 4 0*0 . 0 0  S— C
* 5 0- ,. 4) 0 - 0 4 0 4 0 4 . 44 . 1 0 4 . 4 . 7  J’IS~~.IØ’ 47 * O di .r-
• 2, .
* a • -, a
* 0 * -. S C Oa • a * ~~~~~~~

* P 4. 5 01~~ - • ,.~~~~~~ 4 4 . . . 3  , C ’ )’ .4 3 C44 C’ ’ O *  S..* a a S . 5 . 1 -r 0 1 % 4 4 ) .7 -1 I t. .01 04 . . S 0 0 4 I L 4*
* a * *  • • S  .1 .41  4 - 0 0  0 0 ° ) 2 3 3 4 ? . 0 4 4 4 ,5 .  0 . 0 4 3* 0 0*  0.40

4 t -4) 5 .0 --  .4 01 .4, 4, 4, 4, 3’ -‘ 1’- — 3 .0 5.. 0 0 5  0
- 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
0 :  0)4-.

S C j  _ S  4 - . -  r. . ,’ 0 - J  $4 9 0 . i4 - 4 ? 4 -  4 3* 0 1 0 1 4*  C O
C S £ t~~ . . 4 7 . t 3 7 % )~~~~~p’- .I0’O.l.J- .O a 9..

• —
. : ~~~~‘ —  ‘

~~ 
. 4 1 1 1 1 .  I S S  . ,*  p —a ,

* Ca 01 a 0) .p.
• • , S

- — - - - .O P’ ’ , ~.~~~ 0 4 4 0 4 0 0 . 3*
* I 

0)
— — - ‘ . -‘-  I.. . . — S  - 34, S - ’ - ~~~ - .P S, _ L. SS SA, 0 9..a S 0 4 0 -  0 , 5 .4 0- I ’  4 1 0  0 - 1 4 - I, * 0 0 ) 0 1 0 43 *a .5 .4 3 0 4 3 ’  0 4 4 3 3 3 4 4 3 . 4 3 . 0 - I  3 , 0 0 1 4 3* 0 4 5  0 4-)

* .4 5 ‘ - L J) 4 0 0- . 4 -. . S 4 0 I ’, ,3a 44 3 4 - 0 4 4 4 4 4 4 4 4 *
* — I ..._ 0- 0- . . . S 0 1 0 4 S .5 S 0 4 0 - 4 0 5, 5 . 3*  ** - .4 •‘ .4 P1 3 2 3 ’ . , ’ 4 ’ . — . 4 . 4.. .1 2 4 4 4 4 0 0 )*a 0 , r  a C O

‘4. 5 I I S  I S I S  I S S  5 *

* .
a 04 1 4 4 . 5 0 4  .. C’ . 3 4 _ - 0 4 . ,., C . _  ~~~~~~~~~~~~~~~~~~~~ In 0)
S * 4 .4 3 5 I I 5 5 * .4- 4.)

• * 0 5 • Ca .. . . .  a . 3 1.5 1.1 5.4 1.. I., -- -. 4.4 - . Li .4 .1 L4 LI ‘4 — 1.1 0
• * 43 ‘4 . 0 - 4 4  3 4 = ’ 0 ,-

~~~4 , .* : .~~~~ 4 4 . 5 1 3 4 9*
• • a . I) . 0 4 4 9  7 . C C - 4 -~~~I- * .. O ? — . t 3’- : ’. D .  r — O• ‘, 4- 43 ... • ‘.4 (1 .4 3’ .4 ~ II .4 .1 .1 .4 ‘4 .3 • 45 E34 0 1 ) 4 5. “ ‘ 4 4  4 ’ 0, l , P 0 1 .

— .., ., .j ç ., . • _ — - C ‘ , .. 0- - — l’s .
• • IS 41 I • 5 4  * 4 ,4 ,
• a ~~ I I  ~~ • : 5 — 0
a a 7 0 *• a S.’ — S C C 0 0 0 0 00  04 3 4 04 04 43 4,, = C. ‘.4 C • C.. in
• • — C I 0 40  C ? ’ 4 .04 C . 4 . 4 4) , . 5 C  0 4 4 4 . ,4

4 I 4 1 0 443 O _  3 . 5 . 4 . 5 . 5  • 4 ?  04 : - 0 4 . . ) 0 4*  *
• a a •  O S  4 3 _ . .2 0 . 5 3 - 0 4.4 ... ., ,_ ~~~ — . _ _ • _ 4 . 3 *
• — • 5_I I I 0.440 . 3 . 4 3 0 4 4 ) 3 . 54 )  0 4 0 1 3 :  3 4  •
• • • 04 3. I ~ • • .0
* 5 5 • 4. I 0 00 0 . 3 - 3 0 0 4 3 ’ 3 0 3 e-
• • — 5” 5 04 0 43 55 ’ 4 - C 3 t  4 0 .  . 1  _ •‘ ‘i S J  4 - . . 5
• • * S -I 5.5 S .0.0 .44 0 0 4’ J  V 4 4 4 4 4 ’  4 4 ’  44~~~ 0 ” .- ’) ‘4~~~ C4-J
• . -: I 3
* a .7 2

• • I S 0 0 0 4  i . _ t , _~~~_ _ C - :  4 . 4 4  - , — .• • I .44 5 3 . 5 0  . 5 : 1 3 4. 4 ) 4 ,.  •2 - I~~~~~5 
a,• 4.. 34 5. 5 0 0 4.. C 4 - ,  _ _, - .  - .5 .5 . C -- ‘ , -• . a a — 1 5 0 — 0 4. i - I. = .5’ — - - - - — - . —• . • a c u~ I 43 43 .. ‘ -: ‘4’ .5 43 04 - . 5 : ”  -: - :- . . $0.3 • a * 5 .5 34 3 4 5  . ..

• • • 0 0 I- C. I — I  0 .0 0 G 4 ’ t 4 . _ c . . C L C ,C c _ . .-_ . _
. a a 5 01 5 7 4 0 3 4  1 ’3 ’J~~’4~~~~7 ’ 3 ’ 4 ’  1 4’ S _ a  

~• . . • a — — S .5 .4
• S • • •* . ~~~~. 4)’ 3 5 -4 .
• * -5- 4 . a
• . 4., .5

78 —

- -5  --~~~~~~~~~~ -—~~~-



F— - - - 
- _ -“----•- “ - -- 

~~~~~~~~~~~~~~~~~~~~ - -  -

a • a• a 0• 5 aa aa a

0)
• S >0 S

4,
S U

*a 5 . 14 3 *0 4  5 . 0 . 5 . 3 0- 4 4 0 4* 3 . 4  4 4 0 4 4’ 4 5 . 3 4* a
• . 0 0 1 4 3 0 4  4 4 0 4 0 4 0 5 . 0 4 4 3 0  5 3 , 4 0 1 4 0 *  .5—
• .0 . 0 . 4 5 .  4 4 * 0 . 0 . 5 7* 4 4 4 . 3 - 3  43- 4 4 4 3 . . . f l 4 3
• 5 . 30  00 4 5 . 5 . 5 . 9 4 5 . 4 3 3  . 4 3  00’ .. ..I
5 444 444)4 9 4 3 0 4*0 4 4 7’4 3 4  5 4 4 . 4 3  01.1a Li t .~~~~.• Si 0 4 9 3  00 0 . 4 . 4 5  5 I 5 -44 1 1 0 0 7 . )  44 20* 0 2 . 4 5 5  I l l S .  S S S I S I *  4.3I 5 *a S C a 4.3a a 

•a 3 2a U .7,2)440 5..0-4431.3045..40 0.0 .40 - 3 0 1 *  WI” —a I— *5.0-4 5 . 5 .4 0 5 . 4 4 : 3 4 4  4 4 2 ) 4 . 0 0 4 4 3a C .75.040 * 4 3 C o 0 - 4 4 4 4 4 ’.,04 C” 0 4 4 4 0 - 4 -0- ...a .3 44 64 .0 ~4 2) 3 * 95. 01 .044 57 5. la PS 4) ‘4 5.
* 0 . 3 0 4 . 0 - 5  t 4 - . 0 4 0 0 ) 4 4 3 C 3 * J  . C*5 . 3 . ,4
* 44) C • •~~~ • • . . ..  s — a ,5 -5 ~~~~~~~~~~~ 13 .5 1 S .4 .5 ,4 5 - 4 4 4 1 0 0 0 .  0 C4 3 . 1 5 1  I I  I S  

4— _I—,
a 0 * 0)a .0 0 4-’ O

43 *0.7 *O I 4- 0 0 4 .. . .5j ... “ 4 4 3* 4 4 0 4*  a 0.5 .4 4 5 . . 1 0  3 . 4 3 0- 3 0 - 0 0 5 3 0*  4 4 0 . 0 0 0 4 0 4 *  4.3 40a — 3 4 0 4 3 . 4  4 - S 3 ’ 3 4 3 0 0 .. I 4 3 3 5 . 4 3 3 4 3*  aa C 24 p . 3 4 4 4 4 0 5 0 4 4 3  4 9 9 4 4 , 30 *  5
— . 4 0 4 3 3  0 - 4 3 . 0 3 C . 4 4 3 0 . 343 3 . 0 . 0 0 4 3 5 45  0 4—0 4 . • .  I aa .0 — a
.0 .4 *C S
3. 5

• :a 0 * ..—~~~~3. . 3 4 4  44 .’  4 3 0 0- a , 0 - 4004 00 13 0 ,4 4 3 0 4 0 4*  5-— 3 4 0 - 4 3 0 -  0 - C 0 - . . ,’ 0 4 ’ . 47 J3 4 4 9 , 4 4* 3 3
• .1 0 0 3 *  7’. . o 0 4 4 4 3 ’ 4 4 3 7 . 4 4 . 4  .42)03.0 4) 0
a 34 3 .35) 4 , o2 , •rI p 4 - 9 2 0 - 3  * - . 4 5 . 4 ’.-44 a .Ca 5. 43 .- 4) 44 .’I - ‘ 0 4 4 ’ s 4 : - a —- 44~~g *  4 4 4 4 4 0 * 0 - 0  a 0) 4_I
• 0 .4 • ~~~~~ •a 55. 57 1 — 4 0- *  0 0 1 0 3 4 4 4 9 4 3 3’ 3 a  4 0 0 0 4 0- 3a 43 5 . 0 4 5 45. 0 - 5 .,~~4~~~~ii 1 4 1 4 4 4 )  4 4 9 4 0 - 4 3 . 54 .

~~ Ca 
— 0

• - 
0 II— )~ a

C aa ,- 
* = 0)

* — 4 ” $  4 g s o  “ 4 ) ’ 0 - ’ 4). 4 0 - 0 1 7 4 4 4*  aa — SI . 0 . 0 4 1  0 4 0 .’ . 404 ,’s . 3 1 o f l j a  4 4 , 0 4 4 4 4 , 4 , 9*  S
* 4) 0 0 4 3 .’ .  3 ’ 5 5 7 .i, , , 0 0 , 5 3’ . 3  5 . 0 . 0 0 4 4 4 4  a C
S — 0 0 * 4 0 5  5 . 3 0 ) 3 5 . 3 4 _ 4 , . 4  0 - 4 4 4 3 5 . 1 . 4 4*  5 54.. ~~• 34 4- o p - S.’ . . 5- o w ,0 4 4 4 4 a O -  8,C440’ i 4 - C *  a 0 0* 144 3. a aa 0 4*3,2) 9 . 03 4*5 . 0 0 4 4 . 4 5 .  4 4 4 3 4 0 0 3*  a
• 43 5.13 3 -0 4 4 1 _ 0 4 4 ) 1 3 0 1 0 4 ’ s 344 .)4.4 ’)’a ’i O  * a,a • • S S S  I S I S I S I I I I  1 1 5 1 1 1  C 4.)-‘ 

* * •s— O
* a C a *S C. 

* ~ 4!) 4!)* . 3 4 4 4 0 5  5 . 5 . 5 . , 0) I’ 0 3 3 0 . o  )44 I L .s_ .5• 0*  4
• .3 43 0 4 * 0 4  •1)45..4’ I . 0 0 , 0 4 4  * 4 0 4 . 0 - 4 - -O S  a
S C C P 3 C  3 4 4 1 3 s. . 7 44 1 4 4 4  0 3 0 0 1* 4 1 *  0 40• CI • 0 . 0 0 4 4 3  * 5 . 0 0 1 9 5 . 0 1 4 4 40  5 7 * 0 1 4 0- 0 4 .  a

~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~ 4-a ‘4 4 . 7 5 . 5 .  44 . 1 1 5  .5 .1.1 1 4 0 0 4 5 4 4 0 4 3 *  5 00

* 44 . 4 I S  I I  S I  1 1 . 4 *  5 .5—
a • 41 

S~~~ * 4-) C
• a — S s_ _I—a * 43 0 4 5 4 0* 4 .0 34 *5 C, 5. 0 00  0 0 0 4 3 3 00 4 30 0  4 3 0 0 4 3 30 *  5

* 04 0 0 0  0 3 30 4 . 4 3 0 00 0  5 7 0 0 4 0 4 4 4 3  *• 
* S - .3 0 4 3 3  Q 0 4 4 3 . .~~ 43 3 4 3 0 4 3  4 3 . 4 . 3 :3 4 3 .* —. P . 0 0 4 3  0 0 30 0 4 4 . 0 4 3 0 . 3  C 6 3~~ . a 2 . 4  _ . S  a

* 3 4 0 0 3  0 0 5 30 4 3 1 7 3 4 3 -3.3 0 0 0 4 3 . 4 .
* 34 .5 35 3 . . . l  • U
• .. 5.. IsS 0 03  0 0 0 0 0 0 4 3 5 7 0 0  0 4 3 0 . 3 3 0*  5
• C 5. — 4 0. 43 40 (4- 14 * ‘14 90- 34 0’ 0 .4 04 ~‘ .0 II .0 5
S .4 U .0 .4.504 4 0 0 4 0 4 0 4 4 1 0 5 0 0 0 4 4 4  0 4 4 4 4 0 * 4 5  •a *4 2 a 5

• S .4 34 — S * 0)• 43 — C * S
5 3 34 • a
* 5’ 4., 00,0. 00. 5 . 0* 4 0 0 0 0 0 .  C C  0 .,. , ’ G  S

• 3 4.5 .5 43 3 0 0 4 3 0  2 0 43 0. 0 04 ‘3 43 04 0 0 4) -- 0 5 a,• .4 34 U 00 0 0  C C C  0 . 5 4 . 4 4 0 4 0 0  4 . 0. 4 ,., ~~~0 •
• 4- — 0.’ 0 0 43 04 0 ‘4 0 C 0 0 0 C 0 0 0. 0 44 .  -_ 0 5 5-
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APPENDIX I

The following is a listing of a polar plot subrouti ne which can be
used to generate the polar patterns given in Section IV. Uote that
this code refers to two subrouti nes “PLOTS” and “PLOT” wh ich must be
added by the system or operator. The definitions of these routi nes
are given In the coninents associated with the code.

SUBROUTINE POLPLT(ET,RP,IPLT,IPHS,IDM )
C!!-!
C ! ! !  THI S ROUTINE IS  H SED TO PLOT THE RESULTS IN TERMS OF A
C ! ! !  POLAR PLOT. THE CA LL TO SUBROUTINE “PLOTS ” IS USED TO IN I T I A L I Z E  -

C !! !  THE PLOTrER . THE CALL S TO THE SUBROUTINE “PLOT” ARE USED TO
C ! ! !  DRA W THE DATA AS FO LLOWS :
C! ! !  4

C ! ! !  CALL PL O T (X ,Y ,N )
C ! ! !
C ! ! !  X ,Y= COOR D INATES OF THE NEW PLO T POINT.
C ! ! !
C! ! 1 N=2 PEN I ~~

‘ DC) WN M O V I N G  TO THE NE W P0! MT.
C ! ! !  N=3 PEN IS UP M O V I N G  TO THE NEW P01 1.-IT.
C! ! !  N= 999 E ’JFFER USED TO STORE PLOT DATA I~ E M PT I EO TO PLOUER
C! ! !
C!!! N<0 IMPL I ES ORIGIN SHIFT TO THE NE W POINT.
C!!! N>0 IMPLIES NC ) ORIGIN SHIFT AFTER MOVING TO ~‘IEW POINT.C! ! !

COMPLEX ET (IDM)
DIMENSI ON IBUF (100)
DATA PI ,TPI ,DPR/3.14!59265,6.2831853,57.2957795R/
EMX=0.

4 
DC) 101 IP=0,360,IPHS
I=IP +1
EM=CPBS (ET ( I ))
IF(EW.GT.EMX ) EMX=EM

101 CONTINUE -

CALL PLOTS (IFUF,100.3)
CALL PLOT(4.25,5.5,—3 )

C *** POLAR G R I D  ***DO 11 0 1= 1 ,4
RG=RP*I/4.
CALL PLOT (RG,O.,3)
1)0 11 0 J=O,360,2
A NG*J/DPR
) X=~ (’*COS ( ANG )
yy=~( *5f l4 ( f t~4 C;)

l U  CA L!. PLOT (XX ,YY,2)
~ ‘) 112 1= 1 ,6
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ANG (I—1)*PI/6 .
ANGS=ANG+PI
ANCF=ANG
IF(I.EQ.2*(I/2)) CC) TO 11 1
ANGS=ANC
A NGF=ANC+PI

III CONTINUE
X X=R P *C() S ( A NC’S )
YY=RP*SIN (ANC .S)
CALL PLOT (XX ,YY ,3)
XX=RP*COS (ANCF )
YY=RP*SIN (ANGF )

112 CALL PLOT(XX ,YY ,2)
C *** PATTERN PLOT ***DC) 120 IP=O ,.~60,IPHS

I=IP+ I
ETM=CABS (ET( I) )/EMX
IF(IPLT—2 ) 121 ,122,123

12 1 RD=RP*ETM
CC) TO 125

122 RD=RP*ETM*ETP
Cc) TO 125

123 IF(ETM.LT.O.01) ETM=0.01
RD=20.*AL OGI 0(ETM )
IF(RD.LT.—40.) RD=—40 .
RD=RP*(RD+40. )/40.

125 CONTINUE
ANG= I P/DPR
XX=RD*SI N (ANG )
YY=RD*C OS C ANG )
I PEN=2
IF (I.E0.l) IPEN=3

120 CALL PLOT (XX ,YY ,IPEN)
CALL PLOT(4.25,—5 .5,—3 )

130 CONTINUE
CALL PLOT(0. ,0. ,999)
R ETURN
END
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